This record linkage study aims to examine the coding concordance of delivery outcome and discharge status between the New South Wales (NSW) Midwives Data Collection (MDC) and Admitted Patients Data Collection (APDC) as well as factors that contribute to hospital births not being recorded in the APDC. Births recorded in the APDC and MDC datasets for the calendar year 2005 were used for analysis. Births registered in the NSW Registry of Births Deaths and Marriages for the same period were used as validation. Descriptive analysis was used to examine coding concordance between the APDC and MDC datasets for matched records, and logistic regression analyses were used to identify factors associated with hospital births not being included in the APDC. A total of 90,585 unique births were recorded in the MDC for the calendar year 2005. A total of 79,173 confi rmed hospital births were matched to corresponding records in the APDC; 2,249 (3%) confi rmed hospital births were not found in the APDC. For unmatched records, logistic regression analyses showed that the level of obstetric hospital in which babies were born was a signifi cant factor associated with information not being recorded in the APDC. As compared with local, small isolated, and small metropolitan hospitals (Levels 1 to 3 hospitals), larger tertiary hospitals (Levels 4 to 6) and private hospitals had decreased odds of hospital births not being recorded in the APDC. For matched records, 95% and 99% of records were found to be coded consistently between the APDC and MDC datasets for outcome of delivery and discharge status respectively. With a high level of coding concordance between the APDC and MDC datasets and only a small percentage of hospital births not being recorded in the APDC, the obstetrics subset of the APDC dataset was found to be of good quality.
Introduction
With the new e-health agenda and the upcoming implementation of the personally-controlled electronic health record (PCEHR), good quality health data and information form an important building block for a good e-health system. For this health information to be useful in the e-health system, data collected at different times in a person's health journey need to be of good quality. There are a number of routine data collections at the population level that may form part of this building block. These include the Admitted Patient Data Collection (APDC) and registries that collect more in-depth data related to specific health conditions that result in hospitalisation. Examples include registries for cancer, birth, perinatal conditions and diabetes. As the use of health information expands, the need to have high quality information becomes more important. It is necessary that the quality of these health datasets are examined and ensured so patients and clinicians can use this information with confidence.
Recent years have seen a number of data quality studies conducted by users of these population health datasets (e.g. Comino et al. 2007; Taylor et al. 2005; McKenzie et al. 2006; Ford et al. 2007; Bell et al. 2008; Hadfield et al. 2008; Roberts, Bell et al. 2008) . In terms of the New South Wales (NSW) APDC dataset, with the implementation of data quality check procedures at the Hospital and Health Development level (Australian Bureau of Statistics [ABS] 2008; NSW Department of Health [DoHA] 2009), recent validation studies on obstetric data have shown that data at the unit record level are of good quality (e.g. Lain et al. 2008; Lam et al. 2008; Roberts et al. 2009 ). However, two remaining data quality issues require further examination: noninclusion of valid cases, and concordance of coding in health datasets that collect similar or related information. For non-inclusion of valid cases, it is difficult and in most cases unlikely to be identified by applying standard data quality check protocols that examine the data at the unit record level. Non-inclusion could be due to assignment of incorrect International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification (ICD-10-AM) codes, or the incorrect or missed input of information into the hospital information system. Non-inclusion of valid cases may become a potential source of bias for subsequent analysis (Ford, Roberts & Taylor 2006 ), especially for rare conditions. In the past, the only way to identify the frequency of such occurrence was through medical record audits, a time-consuming and expensive exercise. With advance-ment in record linkage modelling and algorithms, linkage of a subset of hospital admission data with specific datasets has become an alternative method of data validation (Chen et al. 2010) .
In NSW, three data collections are related to births and deliveries: NSW Admitted Patients Data Collection (APDC); NSW Midwives Data Collection (MDC); and birth data from the NSW Registry of Births, Deaths and Marriages (RBDM). The NSW APDC dataset contains data for all inpatient admissions in NSW, which includes demographic and admission related data. For all live births that occur in a hospital an ICD-10-AM code of Z37.0 (single live birth) or Z37.2 (twin, both liveborn) or Z37.3 (twin, one liveborn and one stillborn), or Z37.5 (other multiple, all liveborn) or Z37.6 (other multiple, some liveborn some stillborn) is assigned to the mother's record. For babies delivered at a NSW public hospital, it is DoHA policy that and an ICD-10-AM code in the range Z38.0 to Z38.8 be assigned to the baby's record where the baby is born alive or is born alive and admitted immediately after birth (DoHA 2007) . Private hospitals are only required to comply with DoHA client registration policy to the extent required by law (NSW Government 2010); thus, not all babies delivered in private hospitals are assigned a Z38 code.
The NSW MDC records all births in NSW regardless of the baby's place of birth (DoHA 2005:12) . Apart from demographic information, this dataset collects all information on maternal health prior to and during pregnancy, the actual pregnancy, labour, delivery, perinatal outcomes, information about previous births, baby's birth characteristics as well as mother and baby discharge status. The birth registration in the NSW RBDM contains information on births registered in NSW. Under the Births, Deaths and Marriages Registration Act 1995 Section 13, a child that is born in the State (or en-route to a port of the State) must be registered within 60 days of birth (NSW Consolidated Acts n.d.). These three datasets can be linked to examine many issues relating to birth and delivery. Figure 1 provides a schematic characterisation of the three datasets and some of the information found in each dataset.
In the hospital admissions data collection, mothers' and babies' records are not linked. Information about the mother's delivery and the baby's birth, as well as other hospital-stay information, are submitted to DoHA as separate records with no information available for the identification of mother and baby dyads within the dataset. This poses difficulties in the examination of coding concordance between mothers' and babies' records when using the APDC datasets alone. The MDC dataset contains information that enables the identification of mother and baby dyads (details about the data linkage process are outlined in the Methods section below). By linking the APDC and MDC records, the mother and baby pairs can be identified, and the coding concordance of mother and baby records can be examined.
By the same token, the APDC, MDC, and RBDM datasets can also be linked to examine the occurrence of non-inclusion of valid cases. The APDC birth and delivery subset contains similar information to the MDC dataset, with the MDC collecting more in-depth delivery and birth information than the APDC for certain data items (DoHA 2005) . The MDC collects data on all births, including hospital and non-hospital births. For all births as indicated by the MDC as hospital births, a corresponding record should be found in the APDC dataset. The absence of such records in the APDC dataset can be considered as non-inclusion of valid cases. Therefore, by linking the APDC and MDC datasets one can examine the incidence of non-inclusion, and factors that may contribute to this non-inclusion. For mothers who have delivered a live birth, a birth registration record of the baby should also be found in the RBDM dataset. Thus, the birth records contained in the linked APDC and MDC datasets can be validated by linkage with the RBDM dataset. It is to be noted that cross validation with the ABS 2005 NSW birth counts (ABS 2006) showed that the number of births recorded in RBDM was 10,865 fewer than those recorded in the ABS dataset. The difference found in the two datasets may be due to parents not registering their child within the recommended timeframe. As a result, the RBDM dataset provided a conservative birth validation measure between APDC and MDC.
This study aimed to examine two data quality issues by applying record linkage techniques, linking the birth and delivery subset of the APDC with MDC and birth data from RBDM, focusing specifically on: 1. the percentage of coding concordance between the MDC and APDC for matched records in regards to outcome of delivery and discharge status 2. factors that contribute to hospital birth records not being recorded in the APDC baby dataset (referred to as 'unmatched' records). 
Record linkage
Record linkage is the process through which records of the same person from different datasets are identified (Centre for Health Record Linkage [CHeReL] n.d.). In NSW, this process is conducted at the CHeReL. The record linkage approach used at CHeReL is similar to 'the best practice protocol' described by Kelman and colleagues (Kelman, Bass & Holman 2002) . To ensure patient confidentiality, CHeReL conducts linkage using only identifying data items (i.e. no clinical data). Data custodians provide CHeReL with personal identifiers such as name, address, sex, date of birth, and hospital code together with an encrypted number that refers back to the actual record in the custodian datasets. CHeReL utilises these personal identifiers and applies the probabilistic matching techniques to identify records that are likely to belong to the same person. Once a group of records from different datasets are identified as belonging to the same person, a CHeReL person number is assigned to the group of records for referencing purposes within CHeReL. With the appropriate project ethics approvals, CHeReL then assigns a project person number (PPN) to the group of records that are related to the project. The PPN together with the encrypted number from the data custodians are sent back to the data custodian. Data custodians then extract the approved clinical information from their datasets and forward this information to the researcher together with the corresponding PPNs, which enable researchers to join records for the same person from the different datasets. Four datasets were supplied by the data custodians ( Figure 1 ). The MDC dataset contained PPNs for both mothers and babies for the required period and the approved data items. The RBDM dataset contained PPNs for the birth. The APDC baby dataset contained PPNs for babies together with approved data items and the APDC mother dataset contained PPNs for mothers and approved information. Using the babies PPNs from the MDC, and the APDC baby datasets, baby records were linked to create two groups of records: hospital births with corresponding APDC records (matched) and hospital births without corresponding APDC records (unmatched). A new indicator variable, 'Match', was created to store this information. Both the matched and unmatched records were linked to the RBDM dataset using the baby PPN to obtain registered birth information. The matched datasets were further linked with the APDC mother dataset to create a large set for the examination of coding concordance between the MDC and APDC datasets. Figure 2 presents a schematic diagram of the linkage process using PPNs supplied by CHeReL and the number of records obtained. SPSS version 17.0 (SPSS Inc. 2007 ) was used for data management and analysis. Prior to linkage, both MDC and ADPC datasets were checked for duplicates using all variables within the dataset as the criteria. Duplicated records were removed from the dataset and subsequent analysis. PPNs provided by CHeReL were used to link the APDC and MDC datasets. Both matched and unmatched records were cross linked with birth records from RBDM to confirm baby's birth status.
Data management and analysis
In NSW, apart from the Principal Diagnosis, 54 additional diagnosis fields are also collected. According to the Australian Coding Standards (National Centre for Classification in Health 2004), depending upon the admission condition of the mother and newborn, the delivery related codes (Z37.0 to Z37.9) for the mother and birth related codes (Z38.0 to Z38.8) for the baby can be assigned in any of the 55 diagnosis fields. A data extraction program was written using SPSS to loop through all 55 fields to extract codes in the range of Z37.0 to Z37.9 for mothers and Z38.0 to Z38.8 for babies. The outcome of delivery and birth codes were used for subsequent analyses.
All RBDM confirmed births indicated in the MDC dataset as births occurring in hospital were used in the analysis. For the first aim, matched records were analysed for coding concordance in terms of outcome of delivery and discharge status for both mothers and babies. Two variables were created to examine the concordance of coding in the three datasets. Tables 1 and 2 present the criteria for creating the two concordance variables. A matched record must have the codes and conditions indicated in the tables to be considered as a concordant record. For example, if a mother was assigned a code of Z37.0 (single live birth) in her record, then the corresponding MDC record must either be coded as discharge or transfer or neonatal death (if the baby died during the admission) and have plurality coded as single, and a code of Z38.0 (singleton, born in hospital) must be assigned to the baby record. In the case when a code of Z37.3 (twin, one liveborn, one stillborn) was assigned, then for the live baby, a code indicating discharge or transfer or neonatal death, and a code indicating multiple must be assigned in the MDC, and a code of Z38.3 (twin, born in hospital) must be assigned to the baby record. For the stillborn twin, codes indicating stillborn and multiple births must be coded in the MDC, and there must be no record in the APDC baby dataset for the stillbirth. For concordance coding of discharge status across the three datasets (Table 2) , if a mother was assigned a discharged code in the MDC dataset, then she must also be assigned one of the discharge codes (discharged on leave, discharged by hospital, discharged at own risk) in the APDC mother datasets for the records to be considered in accord. The same principle applied to the other discharge categories for both mothers and babies. Descriptive analyses were conducted on the two concordance variables. For the second aim of the project (factors associated with hospital births not recorded in APDC) the indicator variable, 'Match', was used as the dependent variable for the analysis. Independent factors under examination were level of obstetric hospital; mother and baby characteristics; labour, presentation, delivery characteristics; mother and baby separation status; and baby conditions. Level of obstetric hospital was grouped into the categories: Levels 1 to 3 (local, small isolated, small metropolitan hospitals), Levels 4 to 6 (large metropolitan, tertiary hospitals) and private hospitals. According to definition provided in the NSW Health Mothers and Babies report:
Level 1 hospitals are local hospitals (no birth), with postnatal only facilities. Level 2 hospitals are small isolated hospitals, responsible for low-risk births only and staffed by general practitioners and midwives. Level 3 hospitals are country district and smaller metropolitan hospitals, care for mothers and infants at low-moderate risk, with full resuscitation and theatre facilities, and staffed by rostered obstetricians, resident medial staff, midwives, accredited general Mothers' characteristics included the mother's age (> 40 or <40); whether she had maternal diabetes, maternal hypertension, gestational diabetes or pre-eclampsia. The cut-off for mothers' age was chosen because research has shown that there is a relationship between maternal age and foetal loss with mothers aged 40 or above having a higher chance of foetal loss (Nybo Andersen et al. 2000) . Babies' characteristics included sex of baby; plurality (singleton or multiple); order of birth (first or others). Labouring was categorised as spontaneous, induced, no labour; presentation was categorised into vertex, breech and other; delivery was categorised into normal vaginal, vacuum extraction, vaginal breech, forceps and caesarean section. Mothers' separation status was categorised as discharged and transferred/others; babies' separation status was categorised as discharged, stillborn/neonatal death, transferred. Babies' conditions included gestational age (<37 weeks, 37-41 weeks and >41 weeks) and birth weight (above 1.5 kg and below 1.5 kg).
Logistic regression was used to determine factors associated with hospital births, as indicated in the MDC, not being recorded in the APDC. Unadjusted logistic regressions were conducted to examine bivariate associations between all independent factors and the dependent variable. Data were then subjected to multivariate analysis to determine the adjusted association between independent factors and whether hospital births were recorded in the APDC. For the inclusion of any variable in the multivariate analysis, the criterion of a bivariate association with p<.05 was used. A backward model selection approach was used. Non-significant independent variables were progressively dropped from the model, with variables with the highest p-value eliminated first. The elimination process continued until all remaining variables were significant at .001 level (two-sided). Due to the large sample size, any slight variation is likely to become significant. In order to avoid an inflated Type I error rate, a significance level of .001 was chosen for this analysis.
Results
Figure 2 presents the number of records found in the APDC and MDC datasets and the selection procedure for the final analysis datasets. A total of 90,610 birth records for the calendar year 2005 were recorded in MDC. A slightly smaller number of records were recorded in APDC (89,213) for the same period. After the removal of duplicate records in each dataset, 90,583 and 88,624 unique records were found in the MDC and APDC datasets respectively. Linking the two datasets using PPNs provided by CHeReL, yielded a total of 87,408 linked records. There were 3,177 (3.5%) MDC records with no corresponding APDC match. Of these unmatched records, 2,428 (76.4%) records were recorded in the RBDM birth dataset as confirmed births. Of the confirmed birth records that were not included in the APDC dataset, 2,249 (92.6%) were births that occurred in hospitals according to the MDC place of birth classification. Of matched records, 79,173 (90.6%) records were confirmed births that occurred in hospitals according to the MDC. All matched records were found to have a corresponding mother record in the APDC mother dataset. Table 3 shows the percentage concordance in coding for delivery outcome and discharge status obtained from the matched data among the APDC mother, MDC and APDC baby datasets. A high level of concordance was found with the matched set with a 95.6% (N=75,692) concordance for the coding of outcome of birth across the three datasets, and a 99.1% (N=78,425) concordance for the coding of discharge status. Table 4 provides bivariate associations between the dependent variable and independent factors: level of obstetric hospital; mother and baby characteristics; labour, presentation, delivery characteristics; mother and baby separation status; and baby conditions and the unmatched records. Significant (p<.05) unadjusted associations were found between the dependent variable and level of obstetric hospital; maternal age, maternal diabetes and gestational diabetes; labour, presentation and delivery characteristics; mother and baby separation status; plurality and birth order; as well as gestation age and birth weight of baby. Hence, these variables were included in further regression analyses. Table 5 gives results (odds ratios and confidence intervals [CI] ) obtained from the multivariate logistic regression analysis. Results indicated that some birth variables for the baby and one of the hospital variables were significantly associated with hospital birth records not being recorded in the APDC (unmatched). These included: type of hospital in which the baby was born, baby discharge status and gestational age. The odds of unmatched records was also increased for premature birth (<37 weeks) with unmatched records being more than two times as likely to be premature babies in comparison to full term babies (OR=2.25, 95%CI=1.94-2.61). The most significant variable associated with unmatched records was the discharge status of the baby. The odds of records being unmatched were more than 100 for babies classified as stillborn or neonatal death when compared to the normal discharge (OR=106.92, ). Conversely, likelihood of unmatched records was reduced for types of hospital. There was a reduction of odds of unmatched records of nearly 70% and 30% for Levels 4-6 and private hospitals respectively (Levels 4-6 hospital: OR=0.32, 95%CI=0.28-0.36; private: OR=0.74, 95%CI=0.66-0.83). 
Research

Discussion
Using linkage of related public health datasets, this study examined two data quality issues relating to hospital birth records: concordance of codes assigned across the APDC mothers, APDC babies and MDC datasets for birth outcome and discharge status; and factors associated with NSW hospital birth records not being recorded in the NSW APDC. Using the NSW MDC categorisation of baby's place of birth and the birth registration in the NSW RBDM as the standard in identifying registered hospital births, it was found that only 3% of registered hospital births did not have a corresponding record in the APDC baby dataset. For the matched dataset, the coding concordance for outcome and discharge status was very high across the three birth related datasets, with above 95% concordance for both. In terms of factors associated Research with hospital birth not being recorded in the APDC, it was found that the type of hospitals in which the baby was born, the baby's separation status and gestational age were significantly associated with hospital birth not being recorded in APDC. This study's finding of a high level of coding concordance with respect to birth outcome and discharge status in the matched data is consistent with past findings. Past research examining different aspects of obstetric coding in the APDC dataset has found that overall data quality is good. For example, researchers have found a high level of reliability of recording caesarean birth (Chen et al. 2010) ; obstetric haemorrhage ; general anaesthesia used for childbirth . Future analysis could further investigate the characteristics of the 4.4% records that were found to have non-concordant birth outcome coding between the APDC and MDC datasets.
Using logistic regression to examine the determinants of data quality (e.g. factors associated with errors of omission such as hospital births not being recorded in the APDC baby dataset) is a relatively new analytical method. A recent study conducted by Chen and colleagues (2010) is the only other study that utilised this analysis methodology in the examination of factor association with the misclassification of caesarean section at last birth in birth records. Analysis carried out in this study found that the factors that were significantly associated with hospital births not being recorded in the APDC baby datasets were babies that were stillborn or born at a low gestational age, and those born in local, small isolated, and small metropolitan hospitals (Level 1 to 3 hospitals). Babies born with a low gestational age were less likely to have survived. According to the NSW Client Registration Guideline (DoHA 2007), babies born alive in public hospitals and some private hospitals (according to the admission requirements of the private hospital) will be assigned a new medical record and outcome code in the range of Z38.0 to Z38.8. For babies that did not survive, only a code Z37.1 (Single stillborn); or Z37.3 (Twin, one liveborn and one stillborn); or Z37.4 (Twin, both stillborn); or Z37.6 (Other multiple, some liveborn) or Z37.7 (Other multiple, all stillborn) was recorded in the mother's record. Thus it was indeed correct that there should be no APDC baby records for babies who were stillborn.
One interesting finding from this study is that, when compared to babies who were born in Levels 1 to 3 hospitals, babies born in Levels 4 to 6 hospitals and private hospitals had decreased odds of hospital births not being included in the APDC. This finding requires further investigation. Future research should examine factors that may contribute to the smaller Levels 1 to 3 hospitals being more likely than larger public and private hospitals to have hospital births not recorded in the APDC baby dataset.
While this study has linked the matched set with the APDC mother dataset to cross validate the three birthrelated datasets, it has not linked the unmatched set with the APDC mother dataset to further validate what the mother's APDC record indicated as the outcome of delivery. If the mother record indicated an ICD-10-AM code of Z37.0 (Single live birth), Z37.2 (Twin, both liveborn), Z37.3 (Twin, one liveborn and one stillborn), Z37.5 (Other multiple, all liveborn), or Z37.6 (Other multiple, some liveborn) then a corresponding record should be found in the APDC baby dataset. A missing APDC baby record from the dataset is indeed an error. Further analysis should be conducted to examine the possible reasons for these records not being recorded.
Conclusions
The hospital obstetric dataset is of good quality with only a small percentage of hospital births not being recorded in the APDC baby dataset and the matched datasets showing a high level of concordance in the coding of delivery outcome and discharge status. With the new e-health agenda and the upcoming implementation of PCEHR, the NSW APDC obstetric subset provides reliable information for this important building block for a good e-health system.
